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a b s t r a c t
Objective: The aim of this study was to evaluate the effect of differential training-based
occupational therapy on the recovery of arm function and to compare these data with the
results obtained after conventional occupational therapy.
Methods: A total of 27 patients who had suffered a cerebral infarction in the left brain
hemisphere were recruited for the study. There were 9 men (33.33%) and 18 women (66.67%).
All the patients had paresis of the right arm. The patients were divided into 2 groups: the
control group comprised 15 patients who were given conventional occupational therapy
(5 times per week) and the study group consisted of 12 patients who underwent conventional
occupational therapy (3 times per week) along with occupational therapy based on differ-
ential training (2 times per week).
Results: In the control group, the mean performance time of only 2 tasks, i.e., ﬂip cards and
fold towel, improved signiﬁcantly (P < 0.05), while signiﬁcant deterioration in the mean
performance time of the task ‘‘lift can’’ was observed (P < 0.05). In the study group, the mean
performance time of all the tasks except for forearm to box (side), hand to box (front), and lift
paperclip improved signiﬁcantly (P < 0.05), and no deterioration in arm function was
observed.
Conclusion: Both patients' groups improved arm function after occupational therapy ses-
sions, but the patients who underwent conventional occupational therapy along with
differential training-based occupational therapy recovered their arm function more effec-
tively than their counterparts after conventional occupational therapy.
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Cerebral infarction is an acute focal cerebral circulatory
disorder characterized by focal neurological symptoms per-
sisting longer than 24 h from the onset of the disease. Cerebral
infarction accounts for 80–85% of all strokes. Its incidence
varies in different countries and ranges from 100 to 300 cases
per 100 000 population annually. During the last decades, no
changes in stroke morbidity rates have been reported in many
Western European countries, but some countries have
evidenced a marginal increase. In Lithuania, the stroke
morbidity rate is high as compared with other countries [1],
and approximately 4–5 people per 10 000 are affected by stroke
every year. Risk factors for stroke include genetic predisposi-
tion to vascular diseases, brain and cardiovascular diseases,
hyperlipidemia, hyperglycemia, obesity, hypertension, hypo-
dynamics, smoking, and stress. If there are more than two risk
factors, the probability of getting a stroke is higher. In
Lithuania, this disease poses not only a medical but also
social burden because only about 20% of the stroke survivors
become able-bodied again after stroke [1,2]. In Lithuania, about
80% of the patients with stroke become disabled due to
impaired cognitive and motor functions disconcerting their
daily operations and efﬁciency [2].
Arm function is one of the most important functions of the
human daily environment, and it a very important component
of quality of life. Up to 85% of all the persons with stroke have
an impaired arm [3,4]. Arm dysfunction is one of the biggest
problems in patients with a residual cerebral infarction. Arm
dysfunction leads to movement limitations and sensory
disorders, and a person cannot independently perform a
variety of daily tasks. Therefore, the rehabilitation of the
affected arm remains a challenge and aims at fast and high-
quality recovery of the arm function [3,4].
Occupational therapy is one of the rehabilitation methods
focused on the repetition of exercises. It aims at improving and
restoring patient's physical, mental, and social skills in
activities of daily living, work, and leisure. From the very
beginning of the disease, all efforts should be put in order to
facilitate independent living of the patient [5,6].
Differential training as an alternative to repeated move-
ments is a method gaining more popularity in rehabilitation.
Differential training is developed on based on the exploration
of neurophysiological and dynamic systems [7]. It activates
volatility of human locomotor behavior in order to promote
the learner's self-organization. This is the way the learner
discovers the individual movements and ways of learning
them. Therefore, volatility should not be suppressed but
enhanced so that the patient could ﬁnd individual spaces of
possible solutions. To achieve this goal, during the learning
phase the patient is faced with a variety of exercises,
expanding the boundaries of possible solutions of the
assignment. Differential training includes the movement of
participating joints, motion geometry, speed, acceleration,
time and rhythm, variations of the ‘‘classic’’ motion errors,
variations of equipment and environment and combinations
of all the options with no repetitions of motion [7]. In other
words, a certain skill has to be trained in many different ways,
to ﬁnd the individual and the most optimal way for a particularlearner. Since during the differential workout exercises are not
repeated, more adequate adaptation to changing conditions is
reached [7–9].
Up to now, the effect of differential training on the recovery
of arm function during rehabilitation has not been investigat-
ed yet. Therefore, based on Schöllhorn's recommendations,
who is one of the pioneers of differential training, and beneﬁt
of this method in sports, we decided to carry out a study
involving patients with a cerebral infarction and to evaluate
changes in arm function while applying conventional occupa-
tional therapy and occupational therapy based on differential
training.
2. Materials and methods
2.1. Study design
The study was designed as a randomized trial with single-
blinded outcome assessment. Before the study, patients who
had suffered a cerebral infarction in the left brain hemisphere
and who had occupational therapy courses, were randomly
divided into two groups: the control group comprised
15 patients (55.56%), and the study group, 12 patients
(44.44%), according to Mini-mental state examination (MMSE)
and Barthel ADL index. To be included into trial, patients had to
meet from 50 through 65 points of Barthel index and ≥11 points
MMSE criteria. The exlusion criteria were <50 and ≥70 points of
Barthel index, MMSE ≤10 points, and patients, who have
motoric, sensoric or sensomotoric aphasia. These criteria were
chosen according to the law of the Ministry of Health of the
Republic of Lithuania ‘‘Due to the Organization of Medical
Rehabilitation and Treatment in the Sanatorium’’ (No. V-50,
January 17, 2008), patients are treated in the Department of
Physical Medicine and Rehabilitation for 32 days when they
show the Barthel index of 50–65 points and the results of the
Mini Mental test (MMT) of 11–30 points.
The therapy was applied to patients when they were
transferred from the Neurology Unit to the 2nd Physical
Medicine and Rehabilitation Department after 10–14 days from
the stroke onset. The control group patients were given a
standardized program tailored to individual conventional
occupational therapy based on the repetition of exercises
(5 times per week). This program included exercises and tools
for strengthening upper limb muscles, training the range of
motion, and improving ﬁne motor skills and movement
coordination. The study group patients underwent occupa-
tional therapy based on differential training (2 times/week)
along with standardized conventional occupational therapy
(3 times/week). This program involved the modiﬁed tools of
occupational therapy (different size, color, and textures), but
the exercises were performed by changing the conditions of
performance every time, without repeating the situations and
circumstances of the action (exercise) performance.
All the subjects had occupational therapy sessions 5 times a
week. The duration of the session was 30 min, and rehabilita-
tion lasted for 32 days. In addition, during rehabilitation, the
patients were given the same physical therapy, physiotherapy
procedures, and social worker's and psychologist's counseling.






A total of patients (n) 27
Patients (n) 15 (55.56%) 12 (44.44%)
Male (n) 5 (33.33%) 4 (33.33%)
Female (n) 10 (66.67%) 8 (66.67%)
Age (mean  SD) 73.93  7.72
Age of male (mean  SD) 72.80  2.82 70.25  6.79
Age of female (mean  SD) 77.70  2.09 71.75  1.91
n, number of patients.
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A total of 27 patients were recruited to the study: 9 men
(33.33%) and 18 women (66.67%) who had suffered a cerebral
infarction in the left brain hemisphere and were hospitalized
in the 2nd Physical Medicine and Rehabilitation Department of
Kaunas Clinical Hospital, Lithuania, from September 3, 2013, to
May 23, 2014. The mean age of the patients was 73.93 years
(SD, 7.72; range, 50–88) with men and women being aged
71.67 years (SD, 3.18) and 75.06 (SD, 1.57) on average. All the
patients had paresis of the right arm (Table 1).
2.3. Measures
Patients' arm function was assessed with the Wolf motor
function test, which includes 15 functional tasks. The tasks
had to be completed within 120 s. If the patient failed toFig. 1 – Results of the Wolf motor function test in the contro
Fig. 2 – Results of the Wolf motor function test in the studyperform the task within the given time, he/she was considered
as not capable of performing it [10].
2.4. Statistical analysis
The nonparametric Mann–Whitney test was used for compar-
isons of two independent samples. To compare two dependent
samples, the nonparametric Wilcoxon test was applied. The
results are presented as mean (standard deviation). The
difference was considered statistically signiﬁcant at P < 0.05.
3. Results
In the control patients' group, the following tasks were most
difﬁcult to perform before occupational therapy: fold towel
(16.54 s), ﬂip cards (14.17 s), lift paper clip (13.02 s), and stack
checkers (11.79 s) (Fig. 1). The mean performance time of other
tasks ranged from 5.35 s to 1.28 s. After occupational therapy,
there was deterioration in arm function while performing the
tasks such lift basket in standing position (3.61 s), and lift can
(3.07 s), but only the latter deterioration was statistically
signiﬁcant (P < 0.05). Improvement in the mean performance
time of all the other tasks was documented, but it was
statistically signiﬁcant only for 2 tasks: ﬂip cards and fold
towel (P < 0.05) (Fig. 1).
In the study patients' group, the following tasks were most
difﬁcult to perform before differential training-based occupa-
tional therapy: ﬂip cards (12.06 s) and fold towel (11.26 s)
(Fig. 2). The mean performance time of other tasks ranged from
5.32 s to 0.93 s. The patients in the study group showed al group. *P < 0.05 before vs. after occupational therapy.
 group. *P < 0.05 before vs. after occupational therapy.
Fig. 3 – Wolf motor activity test results change between the control and study groups. *P < 0.05 control group vs. study group.
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tasks except forearm to box (side), hand to table (front), lift
paper clip, and stack checkers (Fig. 2).
Fig. 3 depicts the comparison of differences in the
performance time of all the tasks before and after occupational
therapy between the control and study groups. The differences
varied from 0.17 s to 6.96 s and from 0.21 s to 5.90 s in the
control and study groups, respectively. The comparison
revealed statistically signiﬁcant differences (P < 0.05) in a
performance time change between the control and study
groups for all the tasks except ﬂip cards, lift paperclip, lift
pencil, hand to table (front), extend elbow side, and forearm to
box.
4. Discussion
This study demonstrated that the patients of both groups, who
had suffered a cerebral infarction in the left brain hemisphere,
experienced improvement in the right arm function after
conventional occupational therapy (control group) and occu-
pational therapy based on differential training along with the
conventional one (study group), but the performance time was
signiﬁcantly better for more tasks in the study group than the
control group. The patients who were given only conventional
occupational therapy had a signiﬁcant improvement in arm
function while performing two tasks of the Wolf motor
function test, i.e., ﬂip cards and fold towel, and arm function
deteriorated signiﬁcantly while performing the task ‘‘lift can’’.
We think that our ﬁndings could be related the fact that in the
group that was given conventional occupational therapy, the
number of repetitions of the same tasks was high, and patients
were proactive during the performance of those tasks, i.e., they
executed the tasks given by occupational therapists during
which CNS automatism took place, and therefore, there were
no conditions for the brain to newly activate different brain
zones [11–14]. Carr and Shepherd [15] have proposed that high
brain activity remains while performing three ﬁrst repetitions
of the task, because later the execution system of brain
automatism ‘‘turns on’’.
In the study group after occupational therapy based on
differential training along with standardized conventionaloccupational therapy, the performance time of almost all tasks
except for forearm to box (side), hand to table (front), lift
paperclip, and stack checkers improved signiﬁcantly. Al-
though the difference in the performance time of the above-
mentioned tasks was statistically insigniﬁcant, a decreasing
trend toward a shorter mean performance time of these tasks
after occupational therapy was observed. These results can be
explained by the act that task for forearm to box (side) requires
pulling away the upper arm, and patients who had suffered a
cerebral infarction usually exhibit smaller movement ampli-
tude of the upper extremity, and this task to complete appears
to be too complicated. No statistically signiﬁcant improvement
in the task ‘‘hand to table (front)’’ could be explained can be
explained by the fact that in the presence of paresis of the arm,
the capability to volitionally activate motor units is decreased.
Poor or nonvolitional movement of motor units means that
muscles and groups of muscles cannot be activated in a timely,
coordinated manner nor activated with sufﬁcient force [16].
Failure to signiﬁcantly improve the performance time of tasks
‘‘lift paperclip’’ and ‘‘stack checkers’’ can be associated with
impairments in small movements being most affected after a
cerebral infarction [17,18], and therefore, patients ﬁnd these
tacks being too difﬁcult to complete.
The ﬁndings of our study are impossible to compare with
those of other studies, as to our knowledge, no studies
exploring the impact of differential training-based occupa-
tional therapy during rehabilitation on arm function have been
carried out. Therefore, the discussion is limited to the review
and analysis of studies on sports where the differential
training approach is widely applied and its positive effect is
observed.
Different literature sources suggest that the most common
and oldest theoretical approach to learn speciﬁc movements is
the repetitive approach in which a target movement is
repeated frequently for the purposes of imitation. This
approach proposes that learners improve a skill just by
repeating it. In psychological learning theories, this approach
is most similar to learning by imitation in connection with
reinforcement learning [8]. Newell et al. demonstrated that in
practice the imitations by individuals tend to display decreas-
ing deviations from a to-be-learned movement that can be
described by an exponential function [19]. Schöllhorn et al.
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deviation from a previous movement execution and, although
the learning effect is assigned to the repetition of the
execution, it can be questioned whether the learning effect
was due to the deviation as well. From this theoretical
perspective, therapeutic rehabilitation programs are based
on the production of numerous repetitions of a perceived
‘‘optimal’’ exercise pattern by a patient, accompanied by
corrective instructions and feedback from therapists [8].
Feys et al. proposed that in patients with arm hemiparesis
(after stroke), the recovery of arm function through conven-
tional occupational therapy can improve using the repetition
of movements with the patient's arm actively involved in the
performance. Various studies suggest that occupational
therapy after stroke should be based on the repetition of
movements [20].
Schöllhorn, who is considered one of the pioneers of
differential teaching techniques, proposed differential train-
ing as educational theory opposing the movement repetition.
The author states that the differential training approach has
been developed according to the principles of individuality,
movement system variability and the non-repeatability of
movements on the basis of ﬁndings in neurophysiology and
systems dynamics. Instead of just describing the ﬂuctuations
in the differential training, they are considered as intrinsic to
the movement system and indispensable for adaptation.
Fluctuations are understood as evidence for unstable regions
of the system and instead of trying to eliminate them, it is
more functional to enhance them in order to discover the
space of possible performance solutions to prepare the athlete
or patient for future events [7,8,21].
According to Frank et al., differential learning is a learning
concept that helps a person to ﬁnd the individual optimal
models of performance taking into account the complex motor
skills. To this end, learning takes place on a set time in a noisy
environment, and it shows a great diversity of the different
exercises. Experimental studies conducted by some authors,
such as Frank et al., have shown that the performance
improvement because of differential training is higher than
that of traditional learning and differential learning helps
improve the performance even after learning/training period
[22].
So far, more research applying differential training has
been carried out in various sports such as soccer [23], tennis
[24], handball [25], volleyball [26], etc. It has been observed that
with the application of differential training, athletes quickly
learn techniques, develop motor skills, and learn new
exercises and movements. One of the pioneers of this method
provided a few examples of the research and the beneﬁts of
differential training: three soccer experiments with juvenile
and adult skilled players within a pre- and posttest design and
8 interventions over 4 weeks resulted in signiﬁcant higher
acquisition rates than classical training methods [8,23]. During
the intervention period, perturbations were added to the main
technique by means of instruction. Instead of keeping the
standing leg stiff, for example, the task was adapted for
participants to kick with an extremely bent standing leg. The
intervention period was characterized by no precise repeti-
tions and no corrective instructions, but rather one new set of
instructions after another. From a classical point of view, themovement executions looked like the training of erroneous
movements. In a similar design with two additional retention
tests after two and four weeks, students were taught the action
of shot putting [27,28]. The results not only revealed
signiﬁcantly higher skill acquisition rates but also a further
gain in performance during the following 4 weeks, while the
classically trained group was able to improve its performance
during the acquisition phase, but relaxed to the starting
performance level within the ﬁrst two subsequent weeks.
Furthermore, the individual results displayed some improve-
ments and some decrements in the classical group, whereas in
the differential training group, only one athlete showed no
change at all, while all others improved their performance at
least to the same level as the best learners in the classical
method group [8].
Schöllhorn et al. reported another important example: one
group did nothing for 3 more weeks according to previous
differential training experiments, the second group had to
read training and biomechanical literature about the service
technique in tennis, and the third group practiced mental
training 3 times a week for 1 h in accordance with the
programs [8,24]. The results showed an expected increase in
precision for the classical differential training group. The
literature group had a lightly smaller increase in performance,
whereas the mental training group had a signiﬁcant decrease
in performance [8].
To the best of our knowledge, this is the ﬁrst study that
evaluated the effect of differential training on the recovery of
arm function during rehabilitation, and our study showed
differential training-based occupation therapy to be superior
to the conventional one in terms of improved performance
time of more functional tasks while performing the Wolf
motor function test.
5. Conclusions
Both patients' groups improved arm function after occupa-
tional therapy sessions, but the patients who underwent
conventional occupational therapy along with differential
training-based occupational therapy recovered their arm
function more effectively than their counterparts after
conventional occupational therapy.
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